Abstract -In Nature, there are many examples of biological polymerizations in which the monomers possess multiple binding sites. Under certain circumstances, such branched polymerizations may produce a large macroparticle that constitutes a significant fraction of the monomers. In this paper, we show that the polymerizations of antibodies with antigens and the polymerization of fibrin are of this type. We then present the results of stochastic simulations for the timeevolutions of these processes, and characterize their gel transitions. Finally, we relate the innate fluctuations of these processes to the gel transition, and demonstrate the necessity of using a stochastic approach to quantify polymerization kinetics.
INTRODUCTION
The aggregation-fragmentation equation
is a deterministic population balance equation that describes the time evolution of the concentration of k-mers, q ( t ) . In (l), the quantities K(ij) and F(ij) are called the aggregation and fragmentation rate kernels, respectively, and represent rate constants for the following chemical reactions:
A,+ J Although (1) has been used successfully in descriptions of the kinetics of polymerization processes [2] , it has shortcomings that constrain its use: it accounts for only one type of monomer (ie. not co-polymerization), it is exceedingly difficult to solve analytically, and it fails to account for statistical fluctuations of cx(t) resulting from the random nature of chemical reaction. Recently, the last of these considerations has been observed to be of great significance as t becomes large and in cases where K(ij) and F(ij) produce a gel transition [3, 4] .
Fortunately, there is an alternative to (1) that obviates all of these potential problems. The stochastic approach to chemical kinetics accounts for statistical fluctuations and may readily account for multiple types of monomers when realized as a Monte Carlo (MC) simulation technique [3, 4, 61 . In this paper, we employ MC simulation to study the time-evolution of multi-functional polymerization processes such as the polymerization of fibrin and co-polymerization of multi-functional antigens with bi-functional antibodies.
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METHODOLOGY
The stochastic approach to chemical and aggregation kinetics and MC simulation algorithm have been detailed elsewhere [3, 4, 5, 61 . In brief, the aforementioned kernels K(ij) and F ( i j ) are employed to construct probability distributions for the time until the next aggregation or fragmentation event, and which event it will be. These distributions are sampled by MC in order to sequentially choose a time step and reaction event. After updating the time, the populations of the species (k-mers) involved in the chosen event are modified, and a new event and time step are chosen. 
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